In summary, FACTS devices are used to achieve the following major goals: control power flow along desired transmission corridors, increase transmission capacity without requiring new transmission infrastructure, improve dynamic stability, transient stability and voltage stability of the system, and provide damping for inter-area oscillations [15, 16] .
Power generation and transmission is a complex process, wherever power is to be transferred, the two main components are active and reactive power. The UPFC is the most versatile and complex power electronic equipment that has emerged for the control and optimization of power flow in electrical power transmission system [17, 18] . It is one of the series shunt controllers.
Several references in technical literature can be found on utilizing UPFC in power system [19, 20] . A stochastic-based approach to determine the optimal sizing of two FACTS shames in a power system for steady-state voltage profile enhancement is presented in [21] , which TCSC and UPFC are employed in the power system to adjust the natural power sharing of two different parallel transmission lines and therefore enable the maximum transmission capacity to be utilized. The application of the decentralized modal control method for pole placement in multi-machine power system utilizing FACTS devices such as UPFC is developed in [22] . A coordinated design between power system stabilizer (PSS) and a UPFC using genetic algorithms is presented in [23] , which a multi-objective optimization problem is used in order to maximize the damping ratio of electromechanical modes, matching different numbers of PSSs with a UPFC. An application of evolutionary algorithms to optimal siting and sizing of UPFC is presented in [24] , which are formulated as single and multi-objective optimization problems such as enhancement of the loadability limit. The low frequency oscillations damping of a SMIB power system which includes a UPFC is presented in [25] , which based on adaptive back-stepping control the UPFC injected control inputs are designed based on Lyapunov stability theory. A comprehensive load flow model for the UPFC is presented in [26] , which has the capability to control active and reactive powers and voltage magnitude simultaneously. The firefly algorithm and cuckoo search algorithm based on optimal location and the capacity of UPFC to improve the dynamic stability of the power system are proposed in [27] , which the firefly algorithm technique optimizes the maximum power loss line as the suitable location of the UPFC. A dynamic model of UPFC to improve the power transfer capability through the transmission line is developed in [28] , which shunt and series controllers are designed with fuzzy logic controller as a stand-alone module in PSCAD environment.
Today and in the future, the sharing of renewable energy sources of electricity generation is show a continuous significant increase the role of renewable sources in world. SO far various studies have been done on the application of FACTS devices in the energy system [29, 30] . The use of the UPFC in order to improve the stability margin and also to damp out the power fluctuations in a combined wind and wave energy production system connected to bulk power network has been shown in [31] . A reliable optimization approach based on step by step variation to optimally allocate the TCSC and UPFC with wind generator under deregulated power system is presented in [32] , which the proposed method for optimal placement of TCSC and UPFC has been tested and analyzed on modified IEEE 14-bus and modified IEEE 118-bus power systems.
In this paper, the application of UPFC in power flow control in power system is investigated. Phasor model of UPFC is used. MATLAB Simulink software package is used for the simulations. The system performance with different types of faults is analyzed and compared without and with UPFC controller.
UNIFIED POWER FLOW CONTROLLER
In actually, combined shunt and series controllers inject current into the system with the shunt part of the controller and voltage in the line with the series part of the controller. The UPFC can provide simultaneously or selectively control of all real and reactive power flow and voltage amplitude at the point of common coupling [33] . The basic system configuration of UPFC structure is shown in Fig. 2 . The UPFC is the combination of two voltage-source converters: first converter is connected to the power system through a shunt transformer (ET), whereas the second one converter is inserted into the transmission line through a series transformer (ST). It is a multi-converter based FACTS device that combines the operating principle of a STATCOM and a SSSC that are coupled on the common dc link capacitor. Each converter can independently generate or absorb reactive power. Also the control of each converter is taken up individually. 
SYSTEM UNDER STUDY
In order to study the performance of the UPFC controller, simulations have been performed for the Matlab Simulink implementation test system model in Fig. 3 . It consists two power plants located on the buses B1 and B4, five buses B1 to B5 interconnected through three transmission lines L1, L2 and L3, two transformer banks T1 and T2 and two loads connected at buses B3 and B5.
The loop configuration of the two-machine power system in this study, where the synchronous generators G1 and G2 are delivering power to the a 200 MW load connected at bus B3 and an 500KV, 15000 MVA equivalent at bus B5 through three transmission lines L1, L2 and L3. T1 and T2 are the equivalent main transformer of system, respectively.
A UPFC is used to control the power flow in a 500 KV/230 KV transmission system. The UPFC located at the right end of the 50 Kmline L2, between the 500 kV buses B-UPFC and B3, is used to control the active and reactive powers flowing through bus B3 while controlling voltage at bus B-UPFC.
UPFC consists two converters, one connected in series between buses B1 and B2 and one connected in shunt at bus B1. The series converter can inject a maximum of 10% of nominal line-to-ground voltage (28.87 kV) in series with line L2. The plant models include a speed regulator, an excitation system as well as a power system stabilizer (PSS) [34] . The voltage generated by the series inverter is controlled by two external signals. The power regulator gains are KP=0.025 and KI=1.5. Maximum rate of change for reference active power and reactive power are 1 pu/s. Initially the bypass breaker is closed and the resulting natural power flow at bus B3 is 587 MW and -27 MVar. The blue numbers on the block diagram of the power system with UPFC in service, show the power flow with controlling the B3 active and reactive powers respectively at 687 MW and -27 MVar. The trajectory of the UPFC reactive power as function of its active power, measured at bus B3 is show in Fig. 7 .
Fig3. MATLAB implementation of the test system
The area located inside the ellipse represents the UPFC controllable region. For the first five seconds the PQ trajectory stays at the -27Mvar, 587 MW point (bypass breaker stays closed).
The magnitude and phase of the injected series voltage are shown in Figs. 8 and 9 . When the breaker opens, the magnitude of the injected series voltage is ramped, from 0.0094 to 0.1 pu. At 10 s, the angle of the injected voltage starts varying at a rate of 45 degree/s. Fig. 10 show the reactive power measured at bus B3 follow the reference values. At t=5 s, when the bypass breaker is opened the natural power is diverted from the bypass breaker to the UPFC series branch without noticeable transient. The variations of active powers at buses B1, B2, B4 and B5 is show in Fig. 11 and the variations of reactive powers at buses B1, B2, B4 and B5 is show in Fig. 12 .
Fig7. UPFC controllable region
The power increases at a rate of 1 pu/s at t=10 s. It takes one second for the power to increase to 687 MW. This 100 MW increase of active power at bus B3 is achieved by injecting a series voltage of 0.089 pu with an angle of 94 degrees. This results in an approximate 100 MW decrease in the active power flowing through T2 (from 899 MW to 796 MW), which now carries an acceptable load. The excitation voltage and mechanical power in power plant one are shown in Figs. 13 and 14 . The excitation voltage and mechanical power in power plant two are shown in Figs. 15 and 16 . 
CONCLUSION
Among FACTS controllers, UPFC is more promising due to its ability to work as series and shunt compensator together. UPFC is one of the most promising FACTS devices to power flow control and enhancing the stability. This paper describes the effect of UPFC to enhance the dynamic stability of power systems. UPFC can improve power system dynamic performance through its supplementary control. Different simulations are carried out in Matlab Simulink environment.
